To study the effects of progesterone on an experimental colitis model.
Introduction
The term inflammatory bowel disease (IBD) covers a group of disorders characterized by intestinal inflammation and mucosal damage and that involves any part of the gastrointestinal tract. The incidence of IBD is on the rise 1 . Although many clinical and experimental studies have focused on IBD the optimum treatment strategy has not yet been defined. Basically the aim of the experimental studies in the literature is to decrease tissue inflammation and to determine the agents that could minimize systemic effects by hampering extraintestinal findings.
One candidate agent is progesterone which was found to depress the inflammatory response and reduce the cell membrane damage caused by lipid peroxidation and development of free radicals [2] [3] [4] . Immune modulation was demonstrated by experimental studies that localized membrane progesterone receptors (mPRs) on CD4 and CD8 T-lymphocytes 3 . Moreover it has been experimentally confirmed that progesterone inhibits the development of oxygen-centered free radicals and prevents cell damage after development of benzene induced toxicity as shown from the levels of lipid peroxidation (malondialdehit), glutathione (GSH) and cytochrome P450 2E1 in the liver and kidney tissues 4 .
By these mechanisms, progesterone could prevent cellular apoptosis also in brain and heart tissues [5] [6] [7] [8] [9] . Building on these findings we performed a study aimed at evaluating the protective effect of treatment with progesterone in the TNBS-induced colitis rat model.
Methods
Twenty-eight male Wistar-albino rats weighing 250-300g were used in the study. All animals were housed in wiremesh bottomed cages in 12 hours light/12 hours dark cycle at a constant room temperature of 22 ± 2 ºC. They were fed a standard chow diet and water. The study was approved by the local ethics review board.
Induction of colitis
Rats were lightly anesthetized with ether following a 24-h fast. A 5-French polyurethane cannula was inserted into the anus and the tip was advanced to 8 cm distal to the anal verge.
TNBS (Sigma, USA) dissolved in 50% ethanol was instilled in to the colon through the cannula (10 mg in a volume of 0.25 ml to induce colitis). Next, the rats were maintained in a head-down position for a few minutes to prevent leakage of the intracolonic instillation.
Three equally numbered groups were created as follows:
Group 1: Control (sham) group (n=8). After catheterization across the rectum anesthetized rats were substituted with 1 ml of 0.9% NaCl.
Group 2:
Colitis group (n=8). After catheterization across the rectum colitis was induced in anesthetized rats by administering 30 mg/0,1 ml TNBS and 0.5 ml 50% of ethanol mixture.
Group 3:
Treatment group (n=8). After catheterization colitis was induced by intrarectal administration of TNBS (30 mg/0.1 ml and 0.5 ml 50% of ethanol) in anesthetized rats. Next rats received 2mg/kg of progesterone (Progynex ampoule, 50mg/ ml, FARMAKO) injected subcutaneously.
The rats were restrained in a supine position until the end of anesthesia to prevent leakage of the administered material. All rats were fed standard industrial rat food for seven days.
Surgical procedure
The surgical procedure was carried out under sterile conditions on the 7th day of the therapy received by the experiment group. All rats were anesthetized by intramuscular administration 
Histopathological evaluation

Macroscopic scoring
Macroscopic changes in the colonic mucosa were classified into 5 levels as described were cut into 6-mm-thick sections and fixed in 10% formaldehyde.
Analysis was according to Yamamoto et al.
11
. In brief, 5 micronthick sections prepared from colon after the formation of paraffin blocks were stained with hematoxylin-eosine and assessed under the light microscope. The sections were examined for the presence of edema, necrosis, inflammatory infiltration, apoptosis, vascular congestion and thrombosis and severity and prevalence of partial separation in apical epithelial cells. The histopathologist was blinded for group allocation and performed all analyses and graded microscopic changes in the colonic mucosa from 0 to 3 9, 10 .
Biochemical evaluation
Biochemical evaluation of the tissue and blood
Blood and tissue samples (terminal ileum) were collected from the rats for biochemical examination. Blood samples were drawn by inserting injectors with sterile-needles by intracardiac punction. Then blood samples were collected into silicon tubes, centrifuged and separated into serums. MPO, MDA, NO, Caspase-3, IL-6 and TNF-α were analyzed. The tissues were rinsed with serum physiologic for the biochemical analysis and then weighted and homogenized using the method by previously described 12 . Tissue samples (distal colon) were obtained from the rats for biochemical examination. MPO, TNF-α and IL-6 were used to determine inflammation in the tissues. Nitric oxide (NO) and malondialdehit (MDA) to establish oxidative damage and Caspase 3 activity was examined to find the rate of apoptosis.
MPO measurements
The measurements of MPO activity were performed by the method used by Kruidener et al. 12 . The tissue was homogenized and incubated in 0.5% hexadecyl-trimethylammonium bromide (pH 5.5) and 0.026% ortho-dianisidinedihydrochloride and plus 0.018% H2O2 was added. The reaction period was 30 minutes.
The reaction was specifically confirmed by sodium azide (0.1mM).
All analyses were performed and controlled twice 12 .
MDA measurements MDA and thiobarbituric acid (TBA) were analyzed by spectrophotometric method. 0.2 ml of serum was mixed with 0.8 ml of tamponated phosphate and 25 µl of butylated hydroxytoluene (ph 7.4). 0.5ml of 30 % trichloroacetic hydro barbituric acid was added to the prepared solution and kept on ice for 2 hours and then was centrifuged at 2000g for 15 minutes at 25ºC. After the process of centrifuge ethylene diamine, tetra acetic thiobarbituric acid (EDTA) 0.075 mm and 1% thiobarbituric acid 0.25 ml of 0.1 mol/l was prepared for every ml. The supernatant was kept in boiled water for 15 minutes and left cooling at room temperature.
Spectrometric measurement was performed on the most recently prepared supernatant at 532nm wave length. Results were recorded as nmol/ml.
NO measurements
Serum NO levels were measured by Griess reagent according to the method of Moshage 13 . In the first stage nitrate reductase reaction was performed in order to convert nitrate in the serum. Components from nitrogen purple in color were developed by Griess reagent in the second step. Zinc sulphate was added in this formation and was centrifuged at 10.000 g for 5 minutes.
Measurements were performed using azo chromatographic spectrometer at 450 nm wave length. The measured values were recorded as mmol/l.
Caspase -3 measurements
The enzymatic activities of tissue samples in Caspase 3
were measured by the method defined by Jonges et al. 14 TNF-α and IL-6 measurements TNF-α and IL-6 serum levels were measured using immune enzymatic ELISA technique (Quantikine High Sensitivity
Human by R&D Systems, USA). The minimum detectable values were determined as 0.12 pg/ml for TNF-α and 0.03 pg/ml for IL-6.
Statistical evaluation
The results were assessed as mean and standard deviation. The data for the groups were analyzed by Mann 
Results
Macroscopic colitis score
In all the TNBS induced rats, macroscopic score was found to be increased significantly compared to sham group 
Microscopic colitis score
In all the TNBS induced rats microscopic pathological score was found to be significantly higher when compared to sham group (p<0.001). Treatment with progesterone with TNBS significantly decreased the pathological scores compared to group 1 (p<0.001) Administration of progesterone presented less mucosal damage and ameliorated mucosal structure and epithelial integrity (Figures 2 and 3) . 
Biochemical results
The parameters for the oxidative injury, NO and MDA levels between groups were compared. 
Discussion
We investigated the progesterone and validated that it could be a protective agent for IBD. All inflammatory parameters, including macroscopic, and microscopic scores in the progesterone+TNBS group were significantly lower than those FOR-related cell damage was suppressed. Sayeed et al. 4 reported that progesterone reduced cell apoptosis in brain tissue. However, the potential role of progesterone in colitis has not been studied extensively. In the present study, colonic MDA, NO, IL6 and TNF alfa levels were found to be significantly higher in the TNBS treated rats when compared to control group. In addition, demonstration of colonic mucosal damage by histopathological examination in the TNBS treated rats confirmed colitis-induced inflammation and oxidative damage. This increase exhibits a statistically significant difference in progesterone-treated rats than the control group.
In addition to the increasing number of incidents with oxidative damage and inflammatory processes, enhanced programmed cell death in IBH was also exhibited in the literature [9] [10] [11] . Programmed cell death is defined as apoptosis.
Apoptosis is basically a physiological event. It is the process of programmed cell suicide due to irreparable tissue damage. In contrast to the inflammatory event programmed cell death is not associated with cytokine, FOR or eicosanoid release or coagulation cascade that will also affect the surrounding tissue. Excessive or inadequate apoptosis response during the inflammatory process, leads to different pathological events. Even though many enzymatic structures are appointed, the most important activators of apoptosis that promote DNA-damage are enzymes acting on caspase-3 activity on programmed cell death. In the present study we also observed that caspase-3 levels were significantly higher in the colonic tissues of colitis-induced control group rats. Caspase-3 activity on the colonic progesterone treated rats was significantly higher than those of the control group and programmed cell death in the colonic mucosa was also decreased.
There are studies in the literature that reports inflammatory cytokines such as TNF-α and IL-1 play role in the etiology of IBD [11] [12] [13] [14] . TNF-α is the most important cytokine in inflammatory process. In mice studies, TNF-α administration resulted in vasoconstriction and increased leucocyte migration and tissue damage that led to svere alterations in the gastrointestinal mucosa [15] [16] [17] . Moreover, Hassan et al. 18 reported that when oxidative and inflammatory damages were reduced, colonic injury also was reduced. We observed in our study that both TNF-α and IL-6 levels in the colon and blood specimens obtained from TNBScolitis induced rats were significantly higher than those of the controls. This increase exhibits a statistically significant difference in progesterone-treated rats than the control group.
Conclusions
Our study demonstrates that progesterone treatment exerts a beneficial anti-inflammatory effect on the experimental colitis and results in acceleration of colonic healing. The amelioration of experimental colitis by progesterone is at least partly due to the decreased release of NO, inhibition of IL 6 and TNF alfa and depends on anti apoptotic effects.
